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LIQUID DISPENSING SYSTEMS WITH
REDUCED NOISE LEVELS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage Application of Inter-
national Patent App. No. PCT/US2020/038597, filed Jun.
19, 2020, which claims the benefit of U.S. Provisional Patent
App. No. 62/864,466, filed Jun. 20, 2019, the entire disclo-
sures of both of which are hereby incorporated by reference
as 1f set forth in their entirety herein.

TECHNICAL FIELD

This disclosure generally relates to devices and methods
of dispensing liquids onto substrates, and more particularly
relates to a new design for a pneumatically actuated dis-
pensing valve for dispensing hot melt adhesive.

BACKGROUND

In existing pneumatically actuated liquid dispensing sys-
tems, such as those designed to dispense liquid hot melt
adhesives, pressurized air 1s often used to actuate one or
more components to cause the liquid to be dispensed onto a
substrate. An air supply device, such as an electrically
operated solenoid valve, has been used to supply and switch
the actuating air. When the solenoid 1s electrically activated
to supply pressurized air to the liquid dispensing valve, the
pressurized air acts against an actuator, such as a movable
piston or diaphragm. This opens the liqud dispensing valve.

In some conventional dispensing systems, when the pres-
surized air leaves the dispensing system, the movement of
air results 1n high noise output, which negatively afiects
manufacturing conditions. Some existing systems imple-
ment a noise reducing component, such as a mufller, to help
reduce the noise of the air leaving the systems. These
mufllers get clogged and damaged during use over time and
are not always desirable.

Theretfore, there 1s a need for an 1mproved structure of
dispensing systems that operate with less noise while main-
taining consistent dispensing of liquid.

SUMMARY

There are shortcomings with the conventional dispensing
systems. When the pressurized air leaves the dispensing
system, the movement of air results in high noise output.
Communication between users 1s more diflicult due to the
high noise level and can lead to missed instructions or
miscommunications on the manufacturing tloor. Users may
also have to wear protective equipment to shield their ears
from the noise, which may also adversely affect communi-
cation and be less convenient to the users.

Some existing systems implement a noise reducing com-
ponent, such as a mufller, to help reduce the noise of the air
leaving the systems, but these mufllers get clogged and
damaged during use over time.

I'he mufilers have to be
cleaned or replaced consistently, which increases downtime,
reduces manufacturing efliciency, and requires more money
spent on replacement components and for man-hours lost to
the cleaning or replacement process. As the muflllers clog,
they also allow lower tlow rates of the air through them,
which results 1n inconsistent and dithcult-to-predict dispens-
ing progressions. Therefore, there 1s a need for an improved
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2

structure of dispensing systems that results 1n decreased
noise production while maintaining consistent dispensing of
liquad.

The foregoing needs are met by the various aspects of
dispensing assemblies disclosed. According to an aspect of
the disclosure, a dispensing assembly for dispensing a liquid
onto a substrate includes a housing configured to receive the
liquid to be dispensed; a valve stem disposed in the housing
and having a first configuration in which the liqud 1is
allowed to exit the housing and a second configuration 1n
which the liqud i1s prevented from exiting the housing; a
control valve configured to receive pressurized air from a
pressurized air source, the control valve being movable
between a first position and a second position; and an
exhaust passage defined on the housing and having a pre-
determined cross-sectional area, the exhaust passage being
configured to receive the pressurized air therein. When the
control valve 1s 1n the first position, the pressurized air 1s
configured to act on the valve stem to cause the valve stem
to move to the first configuration or to the second configu-
ration, and when the control valve 1s 1n the second position,
the pressurized air 1s configured to be moved into the
exhaust passage and out of the dispensing assembly through
the exhaust passage.

Optionally, when the control valve 1s in the first position,
the control valve may be configured to be 1n fluid commu-
nication with a first chamber and may be configured to direct
the pressurized air to the first chamber. In some aspects, the
dispensing assembly may further include a first channel
being disposed between the first chamber and the control
valve, the first channel being in fluidd commumication with
the first chamber, and the first channel being in fluid com-
munication with the control valve when the control valve 1s
in the first position. When the control valve 1s 1 the first
position, the control valve may be configured to receive the
pressurized air from the pressurized air source and to dis-
charge the pressurized air into the first channel.

Optionally, when the control valve 1s in the second
position, the control valve may be configured to be 1 fluid
communication with a second chamber that i1s separate from
the first chamber, and may be further configured to direct the
pressurized air to the second chamber. The exhaust passage
may be configured to fluidly communicate with the second
chamber. In some aspects, the dispensing assembly may
turther include a second channel being disposed between the
second chamber and the control valve, the second channel
being 1n fluid communication with the second chamber, and
the second channel being 1n fluild communication with the
control valve when the control valve 1s in the second
position. When the control valve 1s 1 the second position,
the first chamber may be in fluid communication with the
second chamber via the first channel, the second channel,
and the control valve. When the control valve 1s 1n the
second position, the control valve may be configured to
receive the pressurized air from the first chamber through
the first channel and to discharge the pressurized air into the
second channel.

Optionally, when the control valve 1s 1 the second
position, the control valve may be configured to prevent the
pressurized air from moving from the pressurized air source

to either the first chamber or the second chamber.

Optionally, when the control valve 1s in the first position,
the pressurized air source may be not 1n fluid communica-
tion with the second channel.
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Optionally, when the control valve i1s in the second
position, the pressurized air source may be not in fluid
communication with either the first channel or the second
channel.

Optionally, the dispensing assembly may include a valve
seat defined on the housing, wheremn the valve stem 1s
configured to move relative to the valve seat, such that when
the valve stem 1s 1n the first configuration, the valve stem 1s
spaced away from the valve seat, and when the valve stem

1s 1n the second configuration, the valve stem contacts the
valve seat.

Optionally, the control valve may be a solenoid valve.

Optionally, the pressure of the pressurized air may be
between 1 bar and 10 bar. In some aspects, the pressure may
be between 3 bar and 8 bar. In some aspects, the pressure
may be between 5 bar and 6 bar. In some preferred embodi-
ments, the pressure may be about 5.5 bar.

Optionally, the exhaust passage may be oriented at an
angle between parallel to the valve stem and perpendicular
to the valve stem.

Optionally, the exhaust passage may have a cross-sec-
tional diameter of between 0.1 mm and 3.0 mm. In some
aspects, the cross-sectional diameter may be between 0.5
mm and 2.5 mm. In some aspects, the cross-sectional
diameter may be between 1.0 mm to 2.0 mm. In some
aspects, the cross-sectional size may be about 1.5 mm.

Optionally, the dispensing assembly may define a plural-
ity of exhaust passages. In some aspects, the predetermined
cross-sectional area may include the combined cross-sec-
tional area of all exhaust passages in the plurality of exhaust
passages. In some aspects, the dispensing assembly may
include four exhaust passages. Optionally, the four exhaust
passages may be arranged circumierentially around the
dispensing assembly.

Optionally, the dispensing system may further include a
spring configured to bias the valve stem 1 a direction,
wherein the valve stem 1s movable by the pressurized air
opposite the direction of bias of the spring.

Optionally, dispensing assembly may be devoid of a
mufller operationally attached thereto.

According to another aspect of the disclosure, a dispens-
ing system for dispensing a liquid onto a substrate includes
a liquid source configured to hold the liquid to be dispensed;
a dispensing assembly having a housing configured to
receive the liquid from the liquid source, the dispensing
assembly further having a valve stem movable within the
housing between a first configuration, 1n which the liquid 1s
allowed to exit the housing, and a second configuration, 1n
which the liquid i1s prevented from exiting the housing; a
pressurized air source configured to hold pressurized air; a
control valve configured to receive pressurized air from the
pressurized air source, the control valve being movable
between a first position and a second position; and an
exhaust passage defined on the housing and having a pre-
determined cross-sectional area, the exhaust passage being
configured to receive the pressurized air therein. When the
control valve 1s 1n the first position, the pressurized air 1s
configured to act on the valve stem to cause the valve stem
to move to the first configuration or to the second configu-
ration, and when the control valve 1s 1n the second position,
the pressurized air 1s configured to be moved ito the
exhaust passage and out of the dispensing assembly through
the exhaust passage.

Optionally, the liquid may be hot melt adhesive.

Optionally, the dispensing system may include a heater
configured to heat the liquid to a predetermined temperature.
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4

Optionally, the dispensing system may include a process
air source configured to contain process air; and a supply
channel through which the process air 1s moved from the
process air source, the supply channel having a process air
nozzle disposed relative to the dispensing assembly such
that the process air can be applied to the liquid being
dispensed from the dispensing assembly.

Optionally, when the control valve 1s in the first position,
the control valve may be configured to be 1n tluid commu-
nication with a first chamber and configured to direct the
pressurized air to the first chamber. In some aspects, the
dispensing system may include a first channel being dis-
posed between the first chamber and the control valve, the
first channel being in fluild communication with the first
chamber, and the first channel being 1n fluid communication
with the control valve when the control valve 1s 1n the first
position. When the control valve 1s 1n the first position, the
control valve may be configured to receive the pressurized
air from the pressurized air source and to discharge the
pressurized air into the first channel.

Optionally, when the control valve 1s 1 the second
position, the control valve may be configured to be 1 fluid
communication with a second chamber that 1s separate from
the first chamber, and 1s further configured to direct the
pressurized air to the second chamber. The exhaust passage
may be configured to fluidly communicate with the second
chamber. In some aspects, the dispensing assembly may
include a second channel being disposed between the second
chamber and the control valve, the second channel being 1n
flluld communication with the second chamber, and the
second channel bemng in fluild communication with the
control valve when the control valve 1s in the second
position. When the control valve 1s 1 the second position,
the control valve may be configured to receive the pressur-
1zed air from the first chamber through the first channel and
to discharge the pressurized air into the second channel.

Optionally, when the control valve 1s 1 the second
position, the control valve may be configured to prevent the
pressurized air from moving from the pressurized air source
to either the first chamber or the second chamber.

Optionally, when the control valve 1s 1n the first position,
the pressurized air source may be not 1 fluid communica-
tion with the second channel.

Optionally, when the control valve 1s in the second
position, the pressurized air source may be not in fluid
communication with either the first channel or the second
channel.

Optionally, the dispensing assembly may include a valve
seat defined on the housing, wherein the valve stem 1s
configured to move relative to the valve seat, such that when
the valve stem 1s in the first configuration, the valve stem 1s
spaced away from the valve seat, and when the valve stem
1s 1n the second configuration, the valve stem contacts the
valve seat.

Optionally, the control valve may be a solenoid valve.

Optionally, the pressure of the pressurized air may be
between 1 bar and 10 bar. In some aspects, the pressure may
be between 3 bar and 8 bar. In some aspects, the pressure
may be between 5 bar and 6 bar. In some preferred embodi-
ments, the pressure may be about 5.5 bar.

Optionally, the exhaust passage may be oriented at an
angle between parallel to the valve stem and perpendicular
to the valve stem.

Optionally, the exhaust passage may have a cross-sec-
tional diameter of between 0.1 mm and 3.0 mm. In some
aspects, the cross-sectional diameter may be between 0.5
mm and 2.5 mm. In some aspects, the cross-sectional
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diameter may be between 1.0 mm to 2.0 mm. In some
aspects, the cross-sectional size may be about 1.5 mm.

Optionally, the dispensing assembly may define a plural-
ity of exhaust passages. In some aspects, the predetermined
cross-sectional area may include the combined cross-sec-
tional area of all exhaust passages in the plurality of exhaust
passages. In some aspects, the dispensing assembly may
define four exhaust passages. In some aspects, the four
exhaust passages may be arranged circumierentially around
the dispensing assembly.

Optionally, the dispensing assembly may include a spring
configured to bias the valve stem 1n a direction, wherein the
valve stem 1s movable by the pressurized air opposite the
direction of bias of the spring.

Optionally, the dispensing assembly may be devoid of a
muiller operationally attached thereto.

According to another aspect of the disclosure, a dispens-
ing assembly for dispensing a liquid onto a substrate
includes a dispensing portion having a liquid inlet and a
liquid outlet, the dispensing portion defining a liquid cham-
ber configured to receive the liquid therein from the liquid
inlet; a valve seat adjacent to the liquid outlet; a valve stem
disposed 1n the liqmd chamber and configured to move
within the liquid chamber; a valve stem tip defined at a distal
end of the valve stem and configured to selectively contact
the valve seat and be spaced away from the valve seat; an
actuation portion having an air inlet configured to receive
pressurized air therethrough, the actuation portion defining
a first chamber and a second chamber; a piston disposed 1n
the actuation portion, the piston being movable by the
pressurized air; a control valve configured to direct the
pressurized air selectively either to the first chamber or to the
second chamber; and an exhaust passage configured to
discharge the pressurized air therethrough from the dispens-
ing assembly. The control valve has a first configuration and
a second configuration, the control valve 1n the first con-
figuration being configured to direct the pressurized air to
the first chamber, the control valve in the second configu-
ration being configured to direct the pressurized air to the
second chamber. When the control valve 1s 1n the first
configuration, the pressurized air in the first chamber 1is
configured to act on the piston and configured to cause the
piston to move 1n a first direction due to the pressurized air
acting therecon. When the control valve 1s in the second
configuration, the exhaust passage 1s configured to receive
the pressurized air therein and to discharge the pressurized
air out of the dispensing assembly.

Optionally, the exhaust passage may have a predeter-
mined cross-sectional area.

Optionally, the dispensing assembly may include a spring
configured to bias the piston 1n a second direction opposite
the first direction, wherein when the pressurized air 1s moved
into the first chamber, the pressurized air 1s configured to
cause the piston to move in the first direction when a
threshold pressure of the pressurized air i1s reached, the
threshold pressure being greater than the bias of the spring.

Optionally, the control valve may be a solenoid valve
having a poppet movable between a first position and a
second position, wherein when the poppet 1s in the first
position, the control valve 1s 1n the first configuration, and
when the poppet 1s 1n the second position, the control valve
1s 1n the second configuration.

Optionally, the liquid outlet may be blocked when the
valve stem tip 1s in contact with the valve seat, such that the
liquad 1s prevented from moving out of the dispensing
assembly, and where the liquid outlet 1s unblocked when the
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valve stem tip 1s spaced away from the valve seat, such that
the liquid 1s allowed to be moved out of the dispensing
assembly.

Optionally, the dispensing assembly may include a plu-
rality of exhaust passages, wherein the quantity and dimen-
sions of the plurality of exhaust passages reduces noise of
operation of the dispensing assembly relative to a single
exhaust passage. In some aspects, the predetermined cross-
sectional area may include the combined cross-sectional
arca of all exhaust passages 1n the plurality of exhaust
passages.

Optionally, the dispensing assembly may be devoid of a
mutfller.

According to another aspect of the disclosure, a method of
dispensing a liquid from a dispensing assembly includes
introducing liquid to be dispensed into a liquad chamber, the
liquid chamber including a movable valve stem configured
to move between a {irst position, 1n which liquid 1s precluded
from being discharged out of the liquid chamber, and a
second position, 1 which liquid 1s permitted to be dis-
charged from the liquid chamber; introducing pressurized air
into a first chamber via a control valve so as to cause the
valve stem to move from the first position to the second
position due to the pressurized air; ceasing introduction of
the pressurized air into the first chamber; and moving the
pressurized air out of the dispensing assembly.

Optionally, introducing pressurized air into the first cham-
ber may cause movement of a piston atlixed to the valve
stem, such that when the piston moves, the valve stem
moves.

Optionally, introducing pressurized air into the first cham-
ber may include introducing the pressurized air into a first
channel configured to fluidly communicate with the control
valve and with the first chamber.

Optionally, the step of moving the pressurized air out of
the dispensing assembly may include moving the pressur-
ized air from the first chamber to a second chamber sepa-
rated from the first chamber.

Optionally, moving the pressurized air out of the dispens-
ing assembly may include moving the pressurized air into a
second channel configured to fluidly communicate with the
control valve and the second chamber. In some aspects, the
step ol moving the pressurized air out of the dispensing
assembly may further include moving the pressurized air
from the second chamber out of the dispensing assembly via
an exhaust passage. In some aspects, the step of moving the
pressurized air out of the second chamber may include
moving the pressurized air out of a plurality of exhaust
passages.

Optionally, the step of moving the pressurized air out of
the dispensing assembly may include discharging the air
directly to the atmosphere from the dispensing assembly
without moving the pressurized air through a mutliler.

Optionally, the method may further include moving the
valve stem from the second position back to the first
position. In some aspects, moving the valve stem back to the
first position may 1nclude forcing the valve stem 1nto the first
position with a spring configured to act on the valve stem.

BRIEF DESCRIPTION OF THE DRAWINGS

The present application 1s further understood when read 1n
conjunction with the appended drawings. For the purpose of
illustrating the subject matter, there are shown in the draw-
ings exemplary embodiments of the subject matter; how-
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ever, the presently disclosed subject matter 1s not limited to
the specific methods, devices, and systems disclosed. In the
drawings:

FIG. 1 1illustrates a perspective view of a dispensing
assembly having a manifold and a liquid dispensing valve
according to an aspect of the disclosure;

FIG. 2 1llustrates a side cross-sectional view of a liquid
dispensing valve 1n a closed position;

FI1G. 3 illustrates a side cross-sectional view of the liquid
dispensing valve of FIG. 2 in an open position;

FIG. 4 illustrates a perspective view of a dispensing
assembly according to an aspect of the disclosure;

FIG. 5§ illustrates a front plan view of the dispensing
assembly of FIG. 4;

FIG. 6 1llustrates a side cross-sectional view of the
dispensing assembly of FIGS. 4 and 5 along the A-A cross
section shown 1n FIG. §;

FIG. 7 illustrates a perspective view of a dispensing
assembly according to another aspect of the disclosure;

FIG. 8 1illustrates a side cross-sectional view of the
dispensing assembly of FIG. 7;

FIG. 9 1llustrates a side cross-sectional view of an actua-
tion portion of the dispensing assembly of FIGS. 7 and 8
according to an aspect of the disclosure; and

FIG. 10 illustrates a top perspective view of a second
chamber of the dispensing assembly of FIGS. 7-9 according
to an aspect of the disclosure.

Aspects of the disclosure will now be described 1n detail
with reference to the drawings, wheremn like reference

numbers refer to like elements throughout, unless specified
otherwise.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Liquid can be dispensed from a dispensing head by
actuating a movable component to open or close an outlet of
the dispensing head. The liquid, for example a hot-melt
adhesive, 1s supplied to the dispensing head from a liquid
source, 15 moved through the dispensing head, and dis-
charged from the outlet of the dispensing head onto a
substrate. The rate of discharging and the pattern of dis-
charging can be predetermined and controlled by a user, an
electronic controller, or both. It will be understood that
various discharging rates and patterns of discharging can be
achieved, and that different liquids may be discharged from
the dispensing heads disclosed here.

The movement of the movable component may be con-
trolled by pressurized air that 1s received 1n the dispensing,
head from an air source. An electrically operated air supply
device can interact with various air passageways to direct
the flow of pressurized atr.

Referring to FIGS. 1-3, a dispensing assembly 1s depicted
having a liquid dispensing valve 140 and a manifold 162
configured to receive air and the liquid to be dispensed. The
manifold 162 may be heated and used to supply liquid hot
melt adhesive and process or pattern air to the attached
liquid dispensing valve 140. It will be appreciated that the
liquid dispensing valve 140 and the manifold 162 may be
integrated together or coupled in any desired manner. In
some aspects, process or pattern air may be used to impart
a number of patterns, for example a swirl motion, to the
discharged or extruded liquid, for example, to hot-melt
adhesive. This may be accomplished in various known
manners.

The liquid dispensing valve 140 includes a liqud dis-
pensing portion 150 having a valve body 152. The valve
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body 152 includes components configured to open and close
an outlet 153 defined on the valve body 152. When the outlet
153 1s open, the liqud i1s permitted to flow, drip, or be
forcetully jetted out of the dispensing assembly; when the
outlet 153 1s closed, liquid 1s prevented from leaving the
dispensing assembly. The actuation of valve components
and the openming and closing of the outlet 153 can be
accomplished 1n a variety of ways and may utilize different
dispensing mechanisms and techniques. Although exem-
plary aspects described herein reference specific structures
and methods of operating a valve to open or close the outlet
153, this disclosure 1s not intended to be limited to any
specific method or structure of a valve.

The liquid dispensing valve 140 further includes an
actuation portion 156, which includes an upper housing 160.
A gas used to actuate one or more valve components 1s
introduced into the upper housing. The gas can be com-
pressed or pressurized gas, for example, pressurized air. A
gas control valve may be a solenoid valve 170 and may be
connected to the upper housing 160. The solenoid valve 170
may be configured to direct or obstruct passage of the gas
introduced 1nto the actuation portion 156. While the exem-
plary aspects depicted herein reference a solenoid valve, 1t
will be understood that other suitable valves may be utilized.

The liquid dispensing valve 140 further includes a pneu-
matic actuator that, when actuated, results 1n opening or
closing the outlet 153. In some aspects, actuation of the
pneumatic actuator may further result 1n other or additional
actions, such as forcefully jetting a portion of the liquid out
of the outlet 153. The pneumatic actuator may be any
suitable mechanism, such as a diflerential piston aflixed to a
valve member, and this disclosure 1s not limited to a par-
ticular structure of a pneumatic actuator or its 1ntegration
with other components of the dispensing assembly.

Referring to the exemplary aspect depicted in FIGS. 1-3,
the pneumatic actuator may be a diaphragm 180. The upper
housing 160 defines an upper chamber 190 and a lower
chamber 200 separated from the upper chamber 190 by the
diaphragm 180. It will be appreciated that the separation
between the upper chamber 190 and the lower chamber 200
1s advantageously fluid-tight, and the diaphragm 180 may
include a suitable sealing element thereon, such as an
O-ring, to maintain the fluid-tight seal.

The diaphragm 180 1s fixedly coupled to a valve stem 182
using a suitable fasteming assembly 184. In operation, the
diaphragm 180 1s actuated to move 1n a first direction or a
second direction opposite the first direction. When the
diaphragm 180 moves, the rigidly coupled valve stem 182
also moves. The valve stem 182 defines a valve stem tip 186
at a distal end of the valve stem 182. The valve stem tip 186
1s configured to move relative to and contact a valve seat 45
adjacent to the outlet 153. When the valve stem tip 186 15 1n
contact with the valve seat 45, the outlet 153 is closed, thus
preventing the liquid from moving out of the dispensing
assembly. When the valve stem tip 186 1s spaced away from
the valve seat 45, the outlet 153 1s open, thus permitting the
liquid to move or be moved out of the dispensing assembly.

Movement of the diaphragm 180 may be caused by
pressurized air that 1s mtroduced into the upper housing 160,
for example into the upper chamber 190. When pressurized
air 1s 1ntroduced nto an upper chamber 190 and against the
diaphragm 180, this pushes the diaphragm 180 and the
attached valve stem 182 to the closed position as shown 1n
FIG. 2. In this closed position, the valve stem tip 186
contacts the valve seat 45 such that the outlet 153 1s closed.
It will be understood that various other actuator designs may
be used instead. Pressurized air may be at “shop” pressure
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of approximately 5.5 bar (about 80 psi), but it will be
understood that other pressures may be utilized. In some
aspects, the pressure may be between about 1 bar and about
10 bar, about 3 bar and about 8 bar, or about 5 bar and about
6 bar.

When pressurized air 1s 1nstead introduced into the lower
chamber 200, the diaphragm 180 and the attached valve
stem 182 are pushed upward 1nto an open position as shown
in FIG. 3. In this open position, the valve stem tip 186 1s
spaced away from the valve seat 435 such that the outlet 153
1S open.

The route and destination of the pressurized air may be
controlled by the solenoid valve 170. Pressurized air is
introduced 1nto an air inlet 218 from a pressurized air source
222. The pressurized air moves from the air inlet 218
through an air ilet passage 220 towards a movable element
or poppet 210 that 1s movable within a channel 214. The
poppet 210 extends into the channel 214, either partially or
completely incorporated 1nto the upper housing 160.

The solenoid valve 170 may include a spring 219 and a
coil 171. The spring 219 applies a biasing force to the poppet
210 1n a particular direction. The coil 171 may be energized
by an external source. The poppet 210 may be have a first
position and a second position different from the first posi-
tion. Referring to FIG. 2, the coil 171, which may be
implemented as a solenoid coil, 1s not energized, and the
spring 219 applies a biasing force on the poppet 210 to move
the poppet 210 farther into the channel 214 to the first
position. When the poppet 210 1s in the first position, a first
annular recess 224 defined 1n the poppet 210 1s 1n alignment
and 1n fluiud communication with the air mlet passage 220.
The first annular recess 224 1s also in fluid communication
with a first passage 226 defined 1n the upper housing 160,
which flmdly communicates with the upper chamber 190.
Thus, the pressurized air from the air inlet passage 220 may
move 1nto and through the first annular recess 224, through
the first passage 226, and into the upper chamber 190.

When the coil 171 1s energized, the poppet 210 1s moved
against the force of the spring 219 mto the second position.
Referring to FIG. 3, when the poppet 210 1s 1n the second
position, a second annular recess 229 defined in the poppet
210 1s 1n alignment and 1n fluid communication with the air
inlet passage 220, while the first annular recess 224 is not 1n
fluid communication with the air inlet passage 220. The
second annular recess 229 1s also 1n fluidd communication
with a second passage 230 defined 1n the upper housing 160,
which flmdly communicates with the lower chamber 200.
Thus, the pressurized air from the air inlet passage 220 may
move 1nto and through the second annular recess 229,
through the second passage 230, and into the lower chamber
200. As shown 1n FIG. 3, when the poppet 210 1s 1n the
second position, the diaphragm 180 and the rigidly attached
valve stem 182 are forced by the pressurized air to move to
the open position, such that the valve stem tip 186 1s moved
away from the valve seat 45 and the outlet 153 1s opened.

When the poppet 210 1s 1n the first position shown 1n FIG.
2, the lower chamber 200, the second passage 230, and the
second annular recess 229 may communicate with an
exhaust passage 240. The exhaust passage 240 may lead to
another component of the dispensing assembly or to the
atmosphere. Similarly, when the poppet 210 1s 1n the second
position shown 1n FIG. 3, the upper chamber 190, the first
passage 226, and the first annular recess 224 may commu-
nicate with the exhaust passage 240. The pressurized air may
leave the dispensing assembly via the exhaust passage 240.
This aspect illustrates the principle of having the poppet 210
of the solenoid valve 170 at least partially contained within
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the actuation portion 156, such as at least partially within the
upper housing 160 of the liquid dispensing valve 140,
thereby enabling a significant reduction 1n the total pressur-
ized air volume and improving valve actuation speed and
performance.

Although the illustrative aspects of FIGS. 2 and 3 describe
the outlet 153 being open when the coil 171 of the solenoid
valve 170 1s energized and closed when the coil 171 1s not
energized, 1t will be understood that a reverse structure can
be implemented, in which energizing the coil 171 would
close the outlet 153 and de-energizing the coil 171 would
open the outlet 153.

In some aspects, the upper housing 160 may be formed
from a thermally insulating material, such as plastic or
ceramic or another nonmetallic insulating matenial (e.g.,
PPS). The term “nonmetallic” as used herein 1s meant to
encompass materials having no metal whatsoever, for
example, plastics or the like or composites that may have
small amounts of metal such as fibers, for example, to add
strength but that comprise primarily non-metal material. In
this latter case, the thermal conductivity of the thermally
insulating housing will be less than that which would exist
if the housing was made entirely or primarily from the metal.

A preferred embodiment of a dispensing valve 300
according to another aspect 1s depicted in FIGS. 4-6. FIGS.
7-10 depict an alternative embodiment of a dispensing valve
300. Features described above relating to other aspects are
incorporated with respect to the aspects described below,
and like-referenced elements may have some or all of the
same features and capabilities as described above. Some
teatures described with respect to FIGS. 1-3 may be similar
to, or interchangeable with, those described in reference to
FIGS. 4-6 and FIGS. 7-10. Furthermore, some features
described with respect to FIGS. 4-6 may be similar to, or
interchangeable with, those described 1n reference to FIGS.
7-10.

Referring to FIGS. 4-6, the dispensing valve 300 includes
a liquid dispensing portion 350 and an actuation portion 356.
As shown in FIG. 6, the liqud dispensing portion 330
defines a chamber 352 configured to receive the liquid to be
dispensed from a liquid source (not shown). An outlet 353
1s defined on the dispensing valve 300 and extends through
the liquid dispensing portion 350 to fluidly communicate
with the chamber 352. A valve stem 343 1s disposed at least
partly 1 the chamber 352 and is configured to reciprocate
within the dispensing valve 300 to allow or prevent exit of
the liquid 1 the chamber 352 from the dispensing valve 300.

A valve stem tip 344 1s located at a distal end of the valve
stem 343. The valve stem tip 344 1s configured to move
relative to a valve seat 345 on the liquid dispensing portion
350. The valve seat 345 may be adjacent to the outlet 353.
When the valve stem 343 1s moved 1n a first direction, the
valve stem tip 344 does not contact the valve seat 345 and
1s spaced away therefrom, and when the valve stem 343 is
moved 1n a second direction opposite the first direction, the
valve stem tip 344 contacts the valve seat 345. When the
valve stem tip 344 contacts the valve seat 345, the outlet 35
1s blocked (1.e. closed), and liquid that 1s 1n the chamber 352
1s prevented from moving out of the dispensing valve 300.
When the valve stem tip 344 1s spaced apart from the valve
seat 345 and does not contact the valve seat 345, the outlet
353 1s unblocked (i.e. open), and the liquid 1n the chamber
352 1s permitted to exit the dispensing valve 300 through the
outlet 353.

The valve stem 343 i1s rigidly attached to a piston 380
disposed 1n the actuation portion 356. The piston 380 1is
movable within the actuation portion 356 and 1s configured
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to move the fixedly attached valve stem 343. The actuation
portion 356 defines a first chamber 390 and a second
chamber 392 separated from the first chamber 390 by an
airtight seal 381. In some aspects, the airtight seal 381 may
be an O-ring and may be disposed on or adjacent to the
piston 380. The piston 380 1s configured to move the valve
stem 343 to a first position and to a second position, wherein
liquid 1s permitted to be dispensed from the dispensing valve
300 1n one of the first and second positions, and liquid 1s
prevented from being dispensed in the other of the first and
second positions. The piston 380 may be configured to cause
the valve stem 343 to move only into the first position from
the second position, only into a second position from the first
position, or into either the first or the second position. Other
or additional actuation components can be utilized, for
example, a spring element configured to bias the piston 380
or the valve stem 343 in the first or the second direction.
Movement of the piston 380 may be controlled by pres-
surized air that 1s introduced into the dispensing valve 300.

Referring still to FIG. 6, the piston 380 1s operationally 1n
communication with the first chamber 390. Pressurized air
can be directed into the first chamber 390 to communicate
with the piston 380. When a predetermined amount of
pressurized air 1s introduced into the first chamber 390 such
that a threshold pressure 1s reached, the piston 380 may be
moved 1n a {irst direction due to the built-up pressure in the
first chamber 390. When the pressure 1n the first chamber
390 1s below the threshold pressure, the piston 380 may
remain 1immobile or may move back 1n a second direction
opposite the first direction. A spring 384 may be disposed 1n
the actuation portion 356 to bias the piston 380 1n the second
direction. The spring 384 may have a biasing force that acts
on the piston 380, and the biasing force has to be overcome
by the built-up pressure 1n the first chamber 390 to move the
piston 380. In some aspects, the threshold pressure 1s greater
than the biasing force of the spring 384.

When the piston 380 1s moved 1n the first direction, the
connected valve stem 343 also moves in the first direction
such that the valve stem tip 344 1s moved away from the
valve seat 345. When the piston 380 1s moved 1n the second
direction, the valve stem 343 moves 1n the second direction
such that the valve stem tip 344 1s moved towards the valve
seat 345 to contact the valve seat 345. It will be appreciated
that other connections are possible between the piston 380
and the valve stem 343, and that opposite movements are
included 1n this disclosure. For example, in some aspects,
the movement of the piston 380 in the first direction may
correspond to movement of the valve stem 343 1n the second
direction, and vice versa.

The piston 380 1s configured to be moved by the pres-
surized air received 1n the first chamber 390. Movement of
the pressurized air 1s controlled by a solenoid valve 370
aflixed to the dispensing valve 300, for example to the
actuation portion 356. The solenoid valve 370 1s configured
to modulate pressurized air through the dispensing valve 300
and to direct the pressurized air to one or more destinations
within the actuation portion 3356. The solenoid valve 370
may have a moveable poppet 310 configured to direct the
pressurized air. Pressurized air enters the dispensing valve
300 from a pressurized air source at an air inlet 318. The
pressurized air travels along an air inlet passage 320 from
the air inlet 318 to the solenoid valve 370. The solenoid
valve 370 uses the moveable poppet 310, or an equivalent
movable element, to direct the pressurized air that enters
from the air inlet passage 320. The moveable poppet 310
may be similar 1n function and/or structure to the poppet 210
described above.

10

15

20

25

30

35

40

45

50

55

60

65

12

The dispensing valve 300 may utilize pressurized air to
move the piston 380 only 1n the first direction, only 1n the
second direction, or reciprocate between moving the piston
380 1n the first and second directions. In some aspects, the
solenoid valve 370 may have a first, actuation configuration,
in which the pressurized air 1s directed to move the piston
380, and a second, exhaust configuration, in which the
pressurized air 1s directed to leave the dispensing valve 300
without causing movement of the piston 380.

In the actuation configuration, the poppet 310 may be
moved to a first position, in which the air inlet passage 320
1s 1 fluid communication with a first channel 326 via a
solenoid air pathway 328 (represented schematically with
dashed lines in FIG. 6) i the poppet 310 that fludly
communicates with both the air mlet passage 320 and the
first channel 326. The first channel 326 extends from the
solenoid valve 370 to the first chamber 390 and is 1n fluid
communication with the first chamber 390. The pressurized
air 1s thus permitted to move from the air inlet passage 320,
through the solenoid valve 370, through the first channel
326, and into the first chamber 390. When the pressure 1n the
first chamber 390 reaches a predetermined threshold, the
piston 380 1s moved 1n the first direction 1n response to the
pressure of the pressurized air.

In the exhaust configuration, the moveable poppet 310
may be moved to a second position, 1n which the air inlet
passage 320 1s not 1 fluid communication with the first
channel 326. The air inlet passage 320 may be in fluid
communication with another pathway within the solenoid
valve 370 (for example, one that leads outside of the
dispensing valve 300 to atmosphere). In some aspects, the
air inlet passage 320 may terminate at the solenoid valve
3770, such that air 1s precluded from moving out of the air
inlet passage. The pressurized air may remain 1n the air mlet
passage 320 between the solenoid valve 370 and the air inlet
318 until a pathway 1s opened for the pressurized air to be
moved out of the air inlet passage 320.

In the exhaust configuration, when the poppet 310 1s 1n the
second position, the first channel 326 1s in fluid communi-
cation with a second channel 330 via a solenoid air pathway
329 (represented schematically with dashed lines in FIG. 6)
in the poppet 310. The second channel 330 extends from the
solenoid valve 370 to the second chamber 392. The second
channel 330 1s in fluud communication with the second
chamber 392. In the exhaust configuration, the pressurized
air that 1s present in the first chamber 390 1s permitted to
move through the first channel 326, through the poppet 310,
through the second channel 330, and 1nto the second cham-
ber 392. As the pressurized air 1s moved from the first
chamber 390, the pressure within the first chamber 390
decreases. The decrease in pressure may allow the piston
380 to move 1n the second direction as described above. In
some aspects, movement ol the piston 380 in the second
direction may be caused by the biasing force of the spring
384 that acts on the piston 380. The spring 384 may be
disposed within the second chamber 392, but 1t will be
appreciated that the spring 384 may be arranged elsewhere
in the actuation portion 356. In some aspects, when the
poppet 310 1s moved to the second position and the first
channel 326 moves into fluid communication with the
second channel 330 and with the second chamber 392, the
pressurized air within the first chamber 390 may be forced
out of the first chamber 390 into the first channel 326 by
movement of the piston 380 1n the second direction. This
movement may be caused by the biasing force of the spring
384 acting on the piston 380. In the exhaust configuration,
the air 1inlet passage 320 1s not in fluid communication with
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cither the first channel 326 or the second channel 330. As
such, pressurized air from the air inlet passage 320 1s not
being moved into the first chamber 390 or the second
chamber 392 when the dispensing valve 300 1s 1in the exhaust
configuration.

The second chamber 392 defines one or more exhaust
passages 403 1n tluid communication with the second cham-
ber 392. The exhaust passage 403 defines an exhaust outlet
404 on the dispensing valve 300. Pressurized air that is
directed 1nto the second chamber 392 by the solenoid valve
370 moves into the one or more exhaust passages 403 and
exists from the dispensing valve 300 at the exhaust outlets
404 1nto the atmosphere. Referring to the 1llustrative aspect
of FIGS. 4-6, the dispensing valve 300 may have one
exhaust passage 403 and respective implementations of the
exhaust outlet 404. It will be understood that the dispensing
valve 300 may have a diflerent number of exhaust passages
403 and corresponding implementations of the exhaust
outlets 404, for example, 1, 2, 3, . . ., 10 or another suitable
number. In some aspects, the dispensing valve 300 may have
between 1 and 8 exhaust passages 403 and corresponding
implementations of the exhaust outlets 404 (inclusive);
between 1 and 6 (inclusive); between 1 and 4 (inclusive);
between 1 and 3 (inclusive); or another suitable number. For
example, referring to the exemplary alternative embodiment
of FIGS. 7-10, the dispensing valve 300 may have four
exhaust passages 403 and four respective implementations
of the exhaust outlets 404.

While the above description depicts the first chamber 390
and the second chamber 392 as being associated with
actuation of the piston 380 and exhaust of the pressurized
atr, respectively, 1t will be understood that this arrangement
can be reversed and will depend on the structure of the
dispensing valve, specifically that of the valve stem tip 344
and the valve seat 345, as well as on the engagement
between the piston 380 and the valve stem 343. The dis-
closed mechanism can be used with a normally-closed valve
configuration (1n which the valve stem tip 344 contacts the
valve seat 345 unless an actuation member moves the valve
stem tip 344 away from the valve seat 345) or with a
normally-open valve configuration (in which the valve stem
tip 344 1s spaced apart from the valve seat 345 and only
contacts the valve seat 345 when an actuation member
moves the valve stem tip 344 towards the valve seat 345).

The one or more exhaust passages 403 and exhaust outlets
404 may have a substantially round cross section, but it will
be appreciated that another shape can be used, for example,
oval or rectangular. The one or more exhaust passages 403
and exhaust outlets 404 may all have the same dimensions,
or they may have diflerent sizes. Referring again to the
exemplary embodiment of FIGS. 7-10, for example, the
exhaust passages 403 have the same dimensions. The one or
more exhaust passages 403 and the one or more respective
implementations of the exhaust outlets 404 may have any
suitable cross-sectional size, for example, between about 0.1
mm to about 3 mm, about 0.5 mm to about 2.5 mm, and
about 1.0 mm to about 2.0 mm. In some aspects, the
cross-sectional size may be about 1.5 mm.

The combined cross-sectional area of all exhaust outlets
404 (one or more exhaust outlets 404) may add up to a
predetermined desired value. The predetermined desired
value may depend on the specific system in which the
dispensing valve 300 will be used, and the present disclosure
1s not limited to a particular configuration. It will be appre-
ciated that to arrive at the desired value, the size of the
exhaust passages 403 and exhaust outlets 404 may be
changed, the number of the exhaust passages 403 and
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exhaust outlets 404 may be changed, or both the size and the
number may be changed. Based on the exemplary ranges of
possible number of exhaust outlets 404 and exhaust passages
403 described above, 1n some aspects, the combined cross-
sectional area may be between about 0.00785 mm (n
embodiments having a single implementation of the corre-
sponding 1mplementations of the exhaust outlets 404 and
exhaust passage 403 that has approximately 0.1 mm diam-
cter) and about 70.06858 mm (in embodiments having 10
exhaust outlets 404 and exhaust passages 403 that each have
approximately 3 mm diameter). It will be appreciated that
the total cross-sectional area may be calculated based on the
specific quantity of exhaust outlets 404 and exhaust passages
403 as described above and based on the specific cross-
sectional diameter of each exhaust outlet 404 and exhaust
passage 403 as described above.

Referring to the exemplary aspects of FIGS. 7-10, the four
depicted implementations of the exhaust passage 403 are
disposed circumierentially around the liquid dispensing por-
tion 350. The exhaust passages 403 can be spaced with equal
distances between adjacent passages (see specifically FIG.
10). In the plane perpendicular to the first and second
direction of movement of the piston 380 (for example, an
x-y-plane shown in FIG. 10), the exhaust passages 403 may
be disposed about 90 degrees apart from each other. When
looking at a plane parallel to the first and second direction
of movement of the piston 380 (for example, a y-z-plane
shown 1n FIGS. 8 and 10), the angle of the exhaust passages
403 from the second chamber 392 to the exhaust outlet 404
can be any suitable value, for example between about 0
degrees and 90 degrees. In some aspects, as can be seen 1n
FIGS. 8 and 9, the exhaust passage 403 extends at about 45
degrees from the second chamber 392 to the exhaust outlet
404. It will be understood that other angles can be used and
may depend on the number of exhaust passages 403, their
s1zes, the intended use of the dispensing valve 300, and
manufacturing constraints.

The quantity and the size of the exhaust passages 403 1n
the second chamber 392 may aflect the amount of noise
associated with the air leaving the dispensing valve 300. The
larger the exhaust passages 403 and exhaust outlets 404, and
the greater their quantity, the less noise 1s produced when the
pressurized air passes therethrough to the atmosphere.

However, 1n some aspects, it 1s not desirable to have fewer
exhaust passages 403 that are larger than a predetermined
s1ze because larger openings would increase the risk of
pollutants or particles entering the second chamber 392
when the pressurized air 1s not being expelled therefrom. In
preferred aspects, the exhaust passages 403 and exhaust
outlets 404 are dimensioned such that they are large enough
to allow the pressurized air to leave the second chamber 392
without surpassing a desired noise threshold, but small
enough to preclude undesired particles from entering the
dispensing valve 300.

An exemplary method of operating a dispensing assembly
according to aspects of this disclosure may include a step of
introducing liquid to be dispensed into the chamber 352. The
method further includes the step of actuating the piston 380
to move the piston 380 and the valve stem 343 from an 1nitial
position (e.g. the first position) to a diflerent position (e.g.
the second position) to cause the 11qu1d to be dispensed from
the chamber 352. The step of moving the piston 380 may
include the step of mtroducing pressurized air into the first
chamber 390 via the mechanisms described throughout this
disclosure, for example, via the first channel 326. The
method may further include the step of ceasing introduction
of the pressurized air into the first chamber 390. In some
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aspects, this may cause the piston 380 and the valve stem
343 to return to the mtial position i which they were
disposed prior to the step of introducing pressurized air into
the first chamber 390. The method may further include a step
ol introducing the pressurized air into the second chamber
392 via the mechanisms and channels described throughout
this disclosure, for example, via the second channel 330.
This step may include moving the moveable poppet 310
such that a fluid communication 1s formed between the first
channel 326 and the second channel 330, such that the
pressurized air within the first chamber 390 1s permitted to
move via the first channel 326 into the second channel 330,
and into the second chamber 392. The method may further
include discharging the pressurized air from the second
chamber 392 outside of the dispensing assembly via one or
more exhaust passages 403. In some aspects, the method
may further include the step of actuating the piston 380 and
the valve stem 343 to move back to 1ts mnitial position, for
example, by permitting a spring 384 to force the piston 380
to move. Alternatively, this step may be performed wvia
buildup of pressure 1n the second chamber 392 caused by the
pressurized air within the second chamber 392 that acts on
the piston 380, as described previously. Any one or multiple
steps above may be repeated 1n the dispensing process.

Aspects depicted throughout this disclosure allow for the
pressurized air to be moved out of the dispensing valve 300
at an acceptable noise level. As such, a noise reducing
clement or mutller 1s not required. Noise reducing elements
and mufllers in existing systems serve to reduce the noise
level associated with the pressurized air being moved to the
atmosphere. The noise reducing elements and mulillers are
subject to clogging over continued use. As the noise reduc-
ing elements clog, they result 1n reduced flow rates of the
pressurized air therethrough. The gradual decrease in pres-
surized air tlow rate 1s diflicult to quantily and predict, and
so the operation of the existing dispensing valves may be
hard to control and may lead to inconsistent dispensing of
materials. Due to the decrease 1n air exhaustion, there 1s a
subsequent decrease 1n the quantity of material that can be
dispensed from the system, which slows down production.
To partially alleviate this problem, in existing systems, the
noise reducing element has to be replaced when 1t becomes
clogged or damaged, which further decreases etliciency and
increases required operational time. In some existing sys-
tems, the noise reducing clement 1s replaced every 50
million cycles.

The aspects described throughout this specification are
advantageous because, since a noise reducing element 1s not
needed, the cycle time of the dispensing valves 1s consistent
over the lifetime of the system. The cycle times are not
influenced by the undesirable clogging of the non-existent
noise reducing element. The disclosed aspects eliminate
having to replace or clean the noise reducing element, thus
decrease downtime. Furthermore, the inclusion of exhaust
passages 403 and exhaust outlets 404 helps reduce noise,
thus negating the need for a discrete noise reducing element
while maintaining the advantages of noise reduction. Some
aspects of the dispensing systems disclosed throughout this
application are explicitly devoid of a mufller or other noise
reducing element.

The dispensing valves described herein can be manufac-
tured to have various numbers and dimensions of the
exhaust passages 403 and the exhaust outlet 404. The
manufacturing constraints will depend on the anticipated use
of the dispensing valve and the amount of noise that the
system generates.
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It will be understood that additional components com-
monly used 1n the field of fluid dispensing can be utilized
with the disclosed embodiments. For example, in some
aspects, the dispensing valve 300 may further include a
process air source configured to contain process air. A supply
channel, through which the process air 1s moved from the
process air source, may be disposed on the dispensing valve
300 and configured to be operatively connected to a process
air nozzle. The process air nozzle may be disposed relative
to the dispensing valve 300 such that the process air can be
applied to the liquid being dispensed from the dispensing
valve 300.

While systems and methods have been described 1n
connection with the various aspects of the various figures, 1t
will be appreciated by those skilled 1n the art that changes
could be made to the aspects without departing from the
broad mventive concept thereof. It 1s understood, therefore,
that this disclosure 1s not limited to the particular aspects
disclosed, and it 1s intended to cover modifications within
the spirit and scope of the present disclosure as defined by
the claims.

What 1s claimed 1s:

1. A dispensing assembly for dispensing a liquid onto a
substrate, the dispensing assembly comprising:

a housing configured to receive the liquid to be dispensed;

a valve stem disposed in the housing and having a first
configuration 1in which the liquid 1s allowed to exit the
housing and a second configuration 1n which the liquid
1s prevented from exiting the housing;

a control valve configured to receive pressurized air from
a pressurized air source, the control valve being mov-
able between a first position and a second position;

an exhaust passage defined on the housing and having a
predetermined cross-sectional area, the exhaust pas-
sage being configured to receirve the pressurized air
therein;

a first chamber;

a first channel being disposed between the first chamber
and the control valve, the first channel being in fluid
communication with the first chamber, and the first
channel being i fluild communication with the control
valve when the control valve 1s 1n the first position;

a second chamber that 1s separate from the first chamber
and 1s 1n fluid communication with the exhaust passage;
and

a second channel that 1s disposed between the second
chamber and the control valve,

wherein when the control valve 1s 1n the first position, the
pressurized air 1s configured to act on the valve stem to
cause the valve stem to move to the first configuration
or to the second configuration, and when the control
valve 1s 1n the second position, the pressurized air
acting on the valve stem 1s configured to be moved into
the exhaust passage and out of the dispensing assembly
through the exhaust passage,

wherein when the control valve 1s 1n the first position, the
control valve 1s configured to receive the pressurized
air from the pressurized air source and to discharge the
pressurized air into the first channel, whereby the
control valve 1s configured to be 1n fluid communica-
tion with the first chamber and configured to direct the
pressurized air to the first chamber,

wherein when the control valve 1s 1 the second position,
the control valve 1s configured to be 1n fluid commu-
nication with the second chamber, and 1s further con-
figured to direct the pressurized air from the first
chamber to the second chamber via the second channel,
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wherein the exhaust passage 1s configured to fluidly

communicate with the second chamber, and

whereby when the control valve 1s 1n the second position,

the pressurized air that 1s present in the first chamber 1s
permitted to move through the first channel, through
the control valve, through the second channel, and 1nto
the second chamber.

2. The dispensing assembly of claim 1, wherein the
second channel 1s 1 fluid commumication with the second
chamber, and the second channel 1s 1n fluid communication
with the control valve when the control valve 1s 1 the
second position,

wherein, when the control valve 1s 1n the second position,

the control valve 1s configured to receive the pressur-
1zed air from the first chamber through the first channel
and to discharge the pressurized air into the second
channel.

3. The dispensing assembly of claim 2, wherein when the
control valve 1s 1n the first position, the pressurized air
source 1s not 1n fluid communication with the second chan-
nel.

4. The dispensing assembly of claim 2, wherein when the
control valve 1s 1 the second position, the pressurized air
source 1s not 1 fluid communication with either the first
channel or the second channel.

5. The dispensing assembly of claim 1, wherein when the
control valve 1s 1n the second position, the control valve 1s
configured to prevent the pressurized air to move from the
pressurized air source to either the first chamber or the
second chamber.

6. The dispensing assembly of claim 1, further comprising
a valve seat defined on the housing, wherein the valve stem
1s configured to move relative to the valve seat, such that
when the valve stem 1s 1n the first configuration, the valve
stem 1s spaced away from the valve seat, and when the valve
stem 1s 1n the second configuration, the valve stem contacts
the valve seat.

7. The dispensing assembly of claim 1, wherein the
control valve 1s a solenoid valve.

8. The dispensing assembly of claim 1, wherein a pressure
of the pressurized air 1s between 1 bar and 10 bar.

9. The dispensing assembly of claim 1, wherein the
exhaust passage 1s oriented at an angle between parallel to
the valve stem and perpendicular to the valve stem.

10. The dispensing assembly of claim 1, wheremn the
exhaust passage has a cross-sectional diameter of between
0.1 mm and 3.0 mm.

11. The dispensing assembly of claim 1, wheremn the
dispensing assembly defines a plurality of exhaust passages.

12. The dispensing assembly of claim 11, wherein the
predetermined cross-sectional area includes a combined
cross-sectional area of all exhaust passages in the plurality
ol exhaust passages.

13. The dispensing assembly of claim 11, wherein the
dispensing assembly defines four exhaust passages arranged
circumierentially around the dispensing assembly.

14. The dispensing assembly of claim 1, further compris-
ing a spring configured to bias the valve stem 1n a direction,
wherein the valve stem 1s movable by the pressurized air
opposite a direction of bias of the spring.

15. The dispensing assembly of claim 1, wheremn the
dispensing assembly 1s devoid of a mulller operationally
attached thereto.

16. The dispensing assembly of claim 1, wheremn the
second chamber and the second channel are each defined 1n
the housing.
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17. The dispensing assembly of claim 1, wherein the
second channel 1s directly connected to the second chamber,
and the exhaust passage 1s directly connected to the second
chamber.

18. The dispensing assembly of claim 1, wherein the
second chamber 1s larger than the first chamber when the
control valve 1s 1n the second position, whereby a piston
separating the first chamber from the second chamber moves
along a first direction that extends from the second chamber

to the first chamber thereby reducing a size of the first
chamber.

19. A dispensing system for dispensing a liquid onto a

substrate, the dispensing system comprising;

a liquid source configured to hold the liquid to be dis-
pensed;

a dispensing assembly having a housing configured to
receive the liquid from the liquid source, the dispensing
assembly further having a valve stem movable within
the housing between a first configuration, 1n which the
liquid 1s allowed to exit the housing, and a second
configuration, in which the liquid 1s prevented from
exiting the housing;

a pressurized air source configured to hold pressurized air;
and

a control valve configured to receive pressurized air from
the pressurized air source, the control valve being
movable between a first position and a second position;

an exhaust passage defined on the housing and having a
predetermined cross-sectional area, the exhaust pas-
sage being configured to receirve the pressurized air
therein;

a first chamber:

a first channel that 1s disposed between the first chamber
and the control valve, the first channel being in fluid
communication with the first chamber, and the first
channel being 1n fluid communication with the control
valve when the control valve 1s 1n the first position;

a second chamber that 1s separate from the first chamber
and 1s 1n fluid communication with the exhaust passage;
and

a second channel that 1s disposed between the second
chamber and the control valve,

wherein when the control valve 1s 1n the first position, the
pressurized air 1s configured to act on the valve stem to
cause the valve stem to move to the first configuration
or to the second configuration, and when the control
valve 1s 1n the second position, the pressurized air
acting on the valve stem 1s configured to be moved into
the exhaust passage and out of the dispensing assembly
through the exhaust passage,

wherein when the control valve 1s 1n the first position, the
control valve 1s configured to receive the pressurized
air from the pressurized air source and to discharge the
pressurized air into the first channel, whereby the
control valve 1s configured to be 1 fluid communica-
tion with the first chamber and configured to direct the
pressurized air to the first chamber,

wherein when the control valve 1s 1n the second position,
the control valve 1s configured to be 1 fluid commu-
nication with the second chamber, and 1s further con-
figured to direct the pressurized air from the {first
chamber to the second chamber via the second channel,

wherein the exhaust passage 1s configured to fluidly
communicate with the second chamber, and

whereby when the control valve 1s 1n the second position,
the pressurized air that 1s present in the first chamber 1s
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permitted to move through the first channel, through
the control valve, through the second channel, and nto
the second chamber.

20. The dispensing system of claim 19, wherein the liquid
1s hot melt adhesive.

21. The dispensing system of claim 19, further comprising
a heater configured to heat the liquid to a predetermined
temperature.

22. The dispensing system of claim 19, further compris-
ng:

a process air source configured to contain process air; and

a supply channel through which the process air 1s moved

from the process air source, the supply channel having
a process air nozzle disposed relative to the dispensing
assembly such that the process air can be applied to the
liquid being dispensed from the dispensing assembly.

23. The dispensing system of claim 19, wherein the
second channel 1s in fluid communication with the second
chamber, and the second channel 1s 1n fluid communication
with the control valve when the control valve 1s 1n the
second position,

wherein, when the control valve 1s 1n the second position,

the control valve 1s configured to receive the pressur-
1zed air from the first chamber through the first channel
and to discharge the pressurized air into the second
channel.

24. The dispensing system of claim 23, wherein when the
control valve 1s 1n the first position, the pressurized air
source 1s not 1n fluid communication with the second chan-
nel.

25. The dispensing system of claim 23, wherein when the
control valve 1s 1n the second position, the pressurized air
source 1s not 1n fluild communication with either the first
channel or the second channel.

26. The dispensing system of claim 19, wherein when the
control valve 1s 1n the second position, the control valve 1s
configured to prevent the pressurized air to move from the
pressurized air source to either the first chamber or the
second chamber.

277. The dispensing system of claim 19, further comprising,
a valve seat defined on the housing, wherein the valve stem
1s configured to move relative to the valve seat, such that
when the valve stem 1s 1n the first configuration, the valve
stem 1s spaced away from the valve seat, and when the valve
stem 1s 1n the second configuration, the valve stem contacts
the valve seat.

28. The dispensing system of claim 19, wherein the
control valve 1s a solenoid valve.

29. The dispensing system of claim 19, wherein a pressure
of the pressurized air 1s between 1 bar and 10 bar.

30. The dispensing system of claim 19, wherein the
exhaust passage 1s oriented at an angle between parallel to
the valve stem and perpendicular to the valve stem.

31. The dispensing system of claim 19, wherein the
exhaust passage has a cross-sectional diameter of between
0.1 mm and 3.0 mm.

32. The dispensing system of claim 19, wherein the
dispensing assembly defines a plurality of exhaust passages.

33. The dispensing system of claim 32, wherein the
predetermined cross-sectional area includes a combined
cross-sectional area of all exhaust passages in the plurality
ol exhaust passages.

34. The dispensing system of claim 32, wherein the
dispensing assembly defines four exhaust passages arranged
circumierentially around the dispensing assembly.

35. The dispensing system of claim 19, further comprising
a spring configured to bias the valve stem 1n a direction,
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wherein the valve stem 1s movable by the pressurized air
opposite a direction of bias of the spring.

36. The dispensing system of claim 19, wheremn the
dispensing assembly 1s devoid of a mufller operationally
attached thereto.

37. The dispensing system of claim 19, wheremn the
second channel 1s directly connected to the second chamber,
and the exhaust passage 1s directly connected to the second
chamber.

38. The dispensing system ol claim 19, wheremn the
second chamber 1s larger than the first chamber when the
control valve 1s 1n the second position, whereby a piston
separating the first chamber from the second chamber moves
along a first direction, that extends from the second chamber
to the first chamber, thereby reducing a size of the first
chamber.

39. A dispensing assembly for dispensing a liquid onto a
substrate, the dispensing assembly comprising:

a dispensing portion having a liquid inlet and a liquid
outlet, the dispensing portion defining a liquid chamber
configured to receive the liquid therein from the liquid
inlet:

a valve seat adjacent to the liquid outlet;

a valve stem disposed 1n the liquud chamber and config-
ured to move within the liquid chamber;

a valve stem tip defined at a distal end of the valve stem
and configured to selectively contact the valve seat and
be spaced away from the valve seat;

an actuation portion having an air inlet configured to
receive pressurized air therethrough, the actuation por-
tion defining a first chamber and a second chamber that
1s separate from the first chamber;

a piston disposed 1n the actuation portion, the piston being
movable by the pressurized air;

a control valve configured to direct the pressurized air
selectively etther to the first chamber or to the second
chamber:

an exhaust passage configured to discharge the pressur-
ized air therethrough from the dispensing assembly;
and

a first channel that 1s disposed between the first chamber
and the control valve, the first channel being 1n fluid
communication with the first chamber, and the first
channel being i fluild communication with the control
valve when the control valve 1s 1n a first position; and

a second channel that 1s disposed between the second
chamber and the control valve,

wherein the control valve has a first configuration and a
second configuration, the control valve in the first
confliguration being configured to direct the pressurized
air to the first chamber, the control valve in the second
configuration being configured to direct the pressurized
air to the second chamber,

wherein when the control valve 1s 1n the first configura-
tion, the pressurized air in the first chamber acting on
the valve stem 1s configured to act on the piston and
configured to cause the piston to move 1n a first
direction due to the pressurized air acting thereon, and

wherein when the control valve 1s 1n the second configu-
ration, the exhaust passage 1s configured to receive the
pressurized air therein and to discharge the pressurized
air out of the dispensing assembly,

wherein when the control valve 1s in the first position, the
control valve 1s configured to receive the pressurized
air from a pressurized air source and to discharge the
pressurized air into the first channel, whereby the
control valve 1s configured to be in fluid communica-
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tion with the first chamber and configured to direct the
pressurized air to the first chamber,

wherein when the control valve 1s 1n a second position, the

control valve 1s configured to be 1n fluid communica-
tion with a second chamber that i1s separate from the
first chamber, and 1s further configured to direct the
pressurized air from the first chamber to the second
chamber via the second channel,

wherein the exhaust passage 1s configured to fluidly

communicate with the second chamber, and

whereby when the control valve 1s 1n the second position,

the pressurized air that 1s present in the first chamber 1s
permitted to move through the first channel, through
the control valve, through the second channel, and 1nto
the second chamber.

40. The dispensing assembly of claim 39, wherein the
exhaust passage has a predetermined cross-sectional area.

41. The dispensing assembly of claim 40, comprising a
plurality of exhaust passages, wherein a quantity and dimen-
sions of the plurality of exhaust passages reduces noise of
operation of the dispensing assembly relative to a single
exhaust passage.

42. The dispensing assembly of claim 41, wherein the
predetermined cross-sectional area includes a combined
cross-sectional area of all exhaust passages in the plurality
ol exhaust passages.

43. The dispensing assembly of claim 39, further com-
prising a spring configured to bias the piston 1n a second
direction opposite the first direction, wherein when the
pressurized air 1s moved into the first chamber, the pressur-
1zed air 1s configured to cause the piston to move 1n the first
direction when a threshold pressure of the pressurized air 1s
reached, the threshold pressure being greater than a bias of
the spring.

44. The dispensing assembly of claim 39, wherein the
control valve 1s a solenoid valve having a poppet movable
between a first position and a second position, wherein when
the poppet 1s 1n the first position, the control valve 1s 1n the
first configuration, and when the poppet 1s in the second
position, the control valve 1s 1 the second configuration.

45. The dispensing assembly of claim 39, wherein the
liquad outlet 1s blocked when the valve stem tip 1s 1n contact
with the valve seat, such that the liquid 1s prevented from
moving out of the dispensing assembly, and where the liquid
outlet 1s unblocked when the valve stem tip 1s spaced away
from the valve seat, such that the liquid 1s allowed to be
moved out of the dispensing assembly.

46. The dispensing assembly of claim 39, wherein the
dispensing assembly 1s devoid of a mutller.

47. The dispensing assembly of claim 39, wherein the
second channel 1s directly connected to the second chamber,
and the exhaust passage 1s directly connected to the second
chamber.

48. The dispensing assembly of claim 39, wherein the
second chamber 1s larger than the first chamber when the
control valve 1s 1n the second position, whereby the piston
separating the first chamber from the second chamber moves
along a second direction, that 1s opposite the first direction
and extends from the second chamber to the first chamber,
thereby reducing a size of the first chamber.

49. A method of dispensing a liquid from a dispensing
assembly, the method comprising:
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introducing liquid to be dispensed into a liquid chamber,
the ligmd chamber including a movable valve stem
configured to move between a first position, in which
liquid 1s precluded from being discharged out of the
liquid chamber, and a second position, 1n which liquid
1s permitted to be discharged from the liquid chamber;

introducing pressurized air into a first chamber via a

control valve, when the control valve 1s 1n a first
position, so as to cause the movable valve stem to move
from the first position to the second position due to the
pressurized air, wherein the pressurized air 1s 1ntro-
duced into a first channel configured to fluidly com-
municate with the control valve and with the first
chamber:

ceasing 1ntroduction of the pressurized air into the first

chamber:; and

moving the pressurized air out of the dispensing assembly

when the control valve 1s 1n a second position, wherein
when the control valve 1s 1 the second position the
pressurized air 1s moved from the first chamber to a
second chamber separated from the first chamber, and
the pressurized air 1s moved into a second channel
configured to fluidly communicate with the control
valve and the second chamber.

50. The method of claim 49, wherein introducing pres-
surized air into the first chamber causes movement of a
piston atlixed to the movable valve stem, such that when the
piston moves, the movable valve stem moves.

51. The method of claim 49, wherein the step of moving,
the pressurized air out of the dispensing assembly further
includes moving the pressurized air from the second cham-
ber out of the dispensing assembly via an exhaust passage.

52. The method of claim 51, wherein the step of moving
the pressurized air out of the second chamber includes
moving the pressurized air out of a plurality of exhaust
passages.

53. The method of claim 49, wherein the step of moving,
the pressurized air out of the dispensing assembly includes
discharging the pressurized air directly to an atmosphere
from the dispensing assembly without moving the pressur-
ized air through a mufiller.

54. The method of claim 49, further comprising moving,
the movable valve stem from the second position back to the
first position.

55. The method of claim 54, wherein moving the movable
valve stem back to the first position includes forcing the
movable valve stem into the first position with a spring
configured to act on the movable valve stem.

56. The method of claim 49, wherein the second channel
1s directly connected to the second chamber, and wherein
moving the pressurized air out of the dispensing assembly
includes moving the pressurized air out of an exhaust
passage that separate from the first chamber and 1s directly
connected to the second chamber.

57. The method of claim 49, wherein the second chamber
1s larger than the first chamber when the control valve 1s 1n
the second position, whereby a piston separating the first
chamber from the second chamber moves along a first
direction, that extends from the second chamber to the first
chamber, thereby reducing a size of the first chamber.
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